Abstract -Aims: To present revisions to the official UK measure of alcohol affordability published by the National Health Service (NHS) Information Centre. The revisions address the following problems in the official measure: (a) The income measure used in the calculation is a measure of the income for the whole population of the UK, not income per capita. (b) The income measure includes 'imaginary' items, namely imputed rentals and attributed income from insurance policies. (c) The income measure is inconsistent in its treatment of housing costs. (d) The adjustment for inflation makes the measure unnecessarily complex and can have counter-intuitive effects. Methods: The revised measure has the same essential structure as the NHS measure, being the ratio of income to price of alcohol. Adjustments were applied to official income figures, and adjustments for inflation were removed. Results: The revised measure shows that affordability has levelled off since 2003, in contrast to the NHS measure, which shows it continuing to rise until 2008.
INTRODUCTION
As with most products, the price of alcohol influences how much people buy and consume. Similarly, those on higher incomes tend to spend more on alcohol, even after adjusting for consumer purchasing power (Anderson and Baumberg, 2006) . These two concepts, price and income, may be combined into one measure, affordability of alcohol, being the ratio of income to price, such that higher income and lower price both lead to greater affordability.
The official UK measure of the affordability of alcohol is provided by the National Health Service Information Centre (NHS IC) in Table 2 .8 of their annual publication, 'Statistics on Alcohol: England' (Information Centre, 2010) . Details of this measure and its derivation are as follows:
Relative alcohol price index ¼ alcohol price index retail prices index Â 100
Affordability of alcohol ¼ real households' disposable income index relative alcohol price index Â 100
The alcohol price index, retail price index (RPI) and real households' disposable income are provided by the Office for National Statistics (ONS). This measure is widely cited and frequently appears in government documents relating to alcohol policy (e.g. Booth et al., 2008; Health Committee, 2010) . The methodology was adopted in the RAND report on the affordability of alcoholic beverages in the European Union (Rabinovich et al., 2009) . This report has been cited in the Council of the European Union's conclusions of alcohol and health (Council of European Union, 2009) , by the World Health Organization (WHO Europe, 2009) , in a briefing to the Scottish Parliament (SPICe, 2010) and a discussion paper for the Swedish Government (Karlsson and Osterberg, 2009) . Given the influence of this calculation, it is vital that the methodology is subject to rigorous scrutiny.
On close examination, the measure of income used in the IC calculations appears unsatisfactory. The following section of this paper examines in detail the nature of this measure, what is included and what is excluded.
Income, as used in the NHS IC measure of affordability The NHS IC gives the following definition of their measure of income:
Real households' disposable income is an index of total households' income, minus payments of income tax and other taxes, social contributions and other current transfers, converted to real terms (i.e. after dividing by a general price index to remove the effect of inflation).
The source cited is Economic Trends: (code NRJR), the ONS. Within this definition, the term that is of concern here is 'total households' income'. It is not clear from this whether this is the total for each household, for each person or even the total for the whole population of the UK.
The data series NRJR also appears in the UK National Accounts (ONS, 2010b), within 'Income and capital accounts: Household and non-profit institutions serving households'. Here, it is evident that NRJR is closely related to a data series called gross disposable income, code QWND. Whereas QWND is presented in current prices (i.e. values appropriate to the year for which they are presented), NRJR is adjusted for inflation, hence the 'Real' in 'Real households' disposable income'.
A detailed explanation of the national accounts can be found in 'UK National Accounts Concepts, Sources and Methods' (ONS, 1998) . This document makes it clear that the income in question is the total for all households in the UK, The national income is a measure of the money value of goods and services becoming available to the nation from economic activity … For the purpose of the economic accounts countries are divided into basic institutional units (for example households or companies). These are grouped into sectors. A sector is a group within which all the units tend to act (from the viewpoint of economic analysis) in a similar way (for example households, and government). Accounts are prepared for the whole economy and for these sectors. [emphasis added] 'Gross disposable income' (QWND, referred to in Concepts, Sources and Methods by the code B.6g) is presented in the accounts for the household sector, defined as follows:
The household sector contains all the resident people of the United Kingdom as receivers of income and consumers of products. It includes those in institutions such as prisons and hospitals as well as conventional family units. It also contains one-person businesses where household and businesses accounts cannot be separated. [emphasis added] For 2009, the value of QWND was £957,093 million.
From this, it is clear that 'Real households' disposable income' (NRJR) is not the appropriate measure to use if we are interested in how much alcohol one person can afford. The affordability measure calculated by the NHS IC tells us about how much alcohol the entire population of the UK can afford. As the population increases, so this measure of alcohol affordability inevitably increases with it. The correlation between population (aged 16+) and the NHS IC measure of alcohol affordability is almost perfect (r = 0.98, d.f. = 27, P < 0.0001) for the years 1981-2009. As a first priority, then, we need to divide households' disposable income by the number of people (or adults) in the UK to get income per capita (or per adult). However, it is worth examining the components of this measure of income, which was developed for and presented as a component of the National Accounts. As such, its details may not be entirely appropriate for other uses, such as calculations of affordability. Concepts, Sources and Methods give details of the derivation of this measure. This breakdown appears in two accounts for the household sector, the Allocation of Primary Income Account and the Secondary Distribution of Income Account. Disposable income (B.6) is the balancing term of the latter.
Sources of income that are included are:
(a) Operating surplus
The operating surplus appearing in the household sector account relates, by definition, to the household sector's rental income from buildings, including the imputed rental of owner occupied dwellings … For imputed rental estimates … the broad principle involved is to impute to a given owner-occupied property a rental value which is the same as the rental which would be paid for a similar property in the private rented sector. Broadly speaking, this defines disposable income as total income from all sources less taxes and similar costs, as we would expect. However, there are a few items that deserve closer attention.
(a) Imputed rental, treated as income. Owner-occupiers are treated in the accounts as if they pay themselves rent. This imputed rental, as it is called, appears both as an expense and as income, so that within the context of the accounts, it cancels itself out. However, if a measure from one side of this equation is taken out of context, this balance is lost. The measure of QWND for the household sector (QWND or B.6g) includes imputed rent, that the householder has supposedly paid to himself, but not the corresponding cost that he incurred when making that imaginary payment. In other words, household income is inflated by the rental income that house owners could earn if they rented out their houses instead of living in them. (b) Mortgage interest, treated in the same way as tax (also interest on other loans). From the perspective of a householder with bills to pay, it might seem a little odd that one part of the mortgage payment (interest) is excluded from disposable income, but the other part (capital repayment) is not. Similarly, it might seem odd that no part of rental payments are excluded from disposable income.
(c) Property income attributed to insurance policyholders. 'This item reflects the treatment of insurance technical reserves as belonging to the policy holders in the various institutional sectors. The figure for households represents the sector's share of the total income arising.' That is, if the insurance company's investments go up in value, this is treated as income for the policyholders. The householder/policyholder does not actually see any of this money.
Moving away from disposable income, within the calculation of affordability, both the alcohol price index and the income measure are adjusted for inflation. The adjustment of the former is explicit, with the adjustment for RPI displayed in the table, whereas the latter is implicit in the fact that the income measure is 'real', meaning adjusted for inflation. Since these adjustments are made to both price and income, they simply cancel out when one is divided by the other. Furthermore, the adjustments for inflation may have counterintuitive effects. For example, RPI was recently driven up by rising UK food prices. The adjustment of the alcohol price index for RPI made alcohol more 'affordable' relative to increasingly expensive food. Whilst economists often say that relative, rather than absolute, price is important in driving consumer behaviour, the principle of a hierarchy of needs (e.g. Drakopoulos, 1992) must not be ignored. One hopes that for the typical shopper food is a higher priority than alcohol, so if we asked that typical shopper whether they could afford more alcohol now that food is more expensive, the answer would be no. Having to spend more money on food would leave them less to spend on alcohol, so alcohol would be less affordable, not more so, as in the NHS IC calculation.
This example highlights the idea that essential expenses should be dealt with on the income side of the equation, i.e. subtracted to leave disposable income. Whilst this would be desirable, it would also be very difficult. For example, within the category of 'food', some items are basic necessities and other items are luxuries. Drawing a clear line between essential and non-essential expenditure would be almost impossible. Nonetheless, this paper takes a couple of steps in that direction. The first of these is to remove the adjustments for inflation.
In summary, the following problems have been identified with the NHS IC measure of alcohol affordability: To address these problems, the following adjustments are proposed to the calculation of the NHS IC's alcohol affordability index.
METHOD AND RESULTS
The adjustments proposed focus mainly on the definition and calculation of 'disposable income'. In addition, neither income nor alcohol prices are adjusted for inflation, in contrast to the NHS IC calculations. All prices are 'current', i.e. not adjusted for inflation, and all figures are for calendar years, i.e. January-December. Totals for the whole of the UK (England, Scotland, Wales and Northern Ireland) are used.
Income
Following the Information Centre's approach, the UK National Accounts are used as the most authoritative source of data on national income. From these, QWND for the household sector (available from ONS as data series QWND) is used as the starting point for our measure of income. As described above, this measure includes imputed rentals, assumed to be paid by the householder to himself. Also, a number of costs have been subtracted from total income to give QWND. These include various taxes and interest payments, principally mortgage interest.
Since, we are interested in disposable income, i.e. income that remains after fixed expenses have been paid, and since one part of housing costs (mortgage interest) has already been subtracted, it seems reasonable to subtract all housing costs from our measure of income. The National Accounts give a measure of housing costs that includes imputed rentals, actual rentals, maintenance, and supply of water, electricity and gas. This is available from ONS as data series housing costs (ADFS).
The only aspect of housing cost that is missing is the capital repayment part of mortgage payments. This figure is available from the Bank of England, 'Lending secured on dwellings: repayments of mortgage principle-regular repayments', code LPQB4C3, available from 1999 onwards (note that these figures are given quarterly; annual figures have been calculated from these). This data series has the latest start point of those used here, and so serves as a limit for the number of years for which affordability can be calculated.
The final element of income that will be excluded here, on account of the fact that the householder does not actually receive this income, is property income attributed to insurance policyholders. This is presented in the National Accounts and is available from ONS as data series QWMC.
The measure of total household disposable income is therefore QWND minus housing costs (ADFS), regular repayments of mortgage principle (LPQB4C3) and attributed insurance income (QWMC):
Number of adults Following HMRC's Alcohol Factsheet (HMRC, 2010b), we have defined adults as all persons aged 16 and over. The ONS periodically publishes mid-year estimates of the population of the UK by various age groups, including total population and those aged under 16 years old (ONS, 2010c) . The adult population is, therefore, calculated as total population minus those aged under 16.
Income per adult ¼ Income adult population As in the NHS IC calculations, an income index is calculated, representing percentage change in disposable income per adult since a reference year. The earliest year for which all figures are available, 1999, is used as the reference year.
Affordability
Having made the necessary adjustments to the index of disposable income, and noting that this is now based on current, not real income, affordability can be calculated in the same way as the NHS IC calculation, with the exception that the alcohol price index is not adjusted for inflation (RPI; Table 1 ).
Affordability of alcohol index

¼
Households' disposable income index Alcohol price index Â 100
The affordability of alcohol index represents percentage change in affordability since the reference year, 1999.
Two measures of affordability and alcohol consumption per adult
The adjusted index of affordability is shown in Fig. 1 , 2008 ( personal communication) , and adult population, as used in income calculation).
DISCUSSION
Having identified a number of problems with the existing measure of affordability, as published by the NHS Information Centre, this paper proposes a number of adjustments to the calculation of affordability that address these problems. The adjustments overcome the identified problems with the NHS IC measure in the following ways: inflation-adjusted) prices, it is simpler and less vulnerable to unexpected effects resulting from specific products driving changes in the RPI.
An important reason for being interested in the affordability of alcohol is its relationship with alcohol consumption and consequent harms, as it is well established that price is an important factor influencing consumption (e.g. Babor et al., 2010) . Unfortunately, the data are available for only a relatively shorttime period, giving just 11data points for which both measures of affordability can be calculated. With such a small sample, statistical power to detect true differences between the correlations is very low. For example, even if the new measure had a correlation of 0.85 with consumption, this being a substantial improvement on the existing correlation of 0.5, with so few data points there would be only a 30% chance of detecting this as a statistically significant difference. However, a graphical representation (Fig. 1) gives an indication that the new measure corresponds more closely to changes in consumption than does the NHS IC measure.
Limitation
In common with the IC affordability index, this calculation uses the alcohol price index. This is based on a 'shopping basket' approach, in which a number of items are selected to represent the category of alcoholic drinks and prices for these items are monitored at regular intervals (ONS, 1998) . The drinks selected cover a range of beverages and both onand off-sales (ONS, 2010a) . This approach does not take account of the different and changing strengths of alcoholic drinks, as it does not treat the ingredient 'alcohol' as an item in its own right. For the purpose of a measure of alcohol affordability, this is not ideal. However, we have been unable to find an alternative to this approach that does not introduce even greater problems such as making the measure of affordability contingent on consumer behaviour. Therefore, it is necessary to accept this limitation and recognise that the affordability index reflects the price of alcoholic drinks, not of alcohol itself.
Conclusion
Primarily on the basis that it corrects problems with the existing measure, but with qualitative support from its relationship with consumption, it is proposed that the NHS IC measure of alcohol affordability is adjusted to include the changes presented in this paper.
